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© Pacemaker atrial refractory control for R-wave rejection. 

© An artificial heart pacemaker having on atrial synchron- 
ous pacing mode includes an output pulse generator (20) for 
defivering stimulating pulses to the ventricle of the heart, and 
atrial (&) and ventricular (301 sensing amplifiers for detecting. 
resoectWerv, atrial and ventricular contractions. The atrial 
sense amplifier (40) starts an A-V delay timer (50) which pro- 
vides a delayed triggering pube to the pulse generator (20) to 
maintain A«V synchrony. Circuitry (44. 48) b provided for 
blanking or turning off the atrial sensing amplifier (40) during 
the time that the ventricular sensing amplifier (30) is refrac- 
tory, and preferably for a short time Interval thereafter, to 
prevent delivery of an output pulse in response to e premature 

^ ventricular contraction erroneously sensed as an atrial con- 

^ traction. 
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PACEMAKER ATRIAL REFRACTORY CONTROL 
FOR R-WAVE REJECTION 



Technical Field of the Invention 
This invention pertains generally to the field 
5 of electrical heart pacemakers, and more specifically to 
improvements in atrial synchronous pacemakers or other 
pacemakers capable of operating in an atrial synchronous 
mode . 

Background of the Prior Art 
10 Atrial synchronous pacemakers are designed for 

use on patients whose hearts have normal atrial self pac- 
ing, but, due to a defect in the conduction from the 
atrium to the ventricle, the ventricles fail to beat or 
keep pace with the atrial rhythm. Atrial synchronous 
15 pacemakers are designed to sense the naturally occurring 
atrial contractions (depolarizations) and, at the end of a 
short time interval, to provide an electrical stimulation 
pulse to the ventricles of the heart so as to induce a 
ventricular contraction. The time delay interval is 
20 selected so that the atrial and ventricular contractions 
are synchronized with an appropriate delay interval for 
efficient pumping. Atrial synchronous pacing attempts to 
take the place of missing natural conduction of stimu- 
lating pulses from the atrium to the ventricle in the 
25 heart, while the heartbeat rate is free to follow, within 
limits, the natural rhythm established by the atrial 
self-pacing of the patient. Often other features are 
combined with atrial synchronous pacing, such as an upper 
rate limit, or reversion to fixed rate pacing if the 
30 spontaneous atrial rate drops below a predetermined rate. 
Also, provisions may be provided as is known in the art 
for programming the pacemaker after implantation to adjust 
the a trial-ventricular delay, upper or lower rates, and 
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other operating parameters. A ventricular inhibit func- 
tion can also be provided so that if a ventricular 
depolarization does follow in response to an atrial de- 
polarization, the ventricular depolarization will be 
5 sensed and the packer will be inhibited from delivering 
a competitive ventricular stimulating pulse. In that 
^er, the stimulating pulses are delivered only if 
needed. 

in addition to atrial synchronous pacemakers, 
10 other types of pacemakers capable of operating in a. number 
of modes include atrial .synchronous operation as one pos- 
sible mode of operation. Dual sense/dual pace atrial-ven- 
tricular pacemakers, sometimes referred to as fully auto- 
ma tic pacemakers, are capable of selectively delivering 
stimulating pulses to both the atrium and. the ventricle, 
and are also capable of sensing beats occurring in both 
chambers and operating as appropriate to maintain A-V 
synchrony. That type of fully automatic pacemaker will 
operate in "an atrial synchronous mode if the patients 
20 atrium is self pacing above the minimum; rate (««. x»- 
. hibiting delivery of atrial stimulation pulses) and if the 
ventricles are not contracting on their own at the proper 
time interval following an atrial contraction. In that 
" case a ventricular stimulation pulse will be delivered at 
25 the selected A-V delay interval following the atrial con- 
traction, thus resulting in atrial synchronous operation. 

Pacemakers operating in an atrial synchronous 
m ode are subject to certain errors which, under certain 
circumstances, can lead to the delivery of a ventricular 
30 stimulation pulse at an inappropriate and possibly ^danger- 
ous time period of the heartbeat cycle. The proble, > can 
occur when a premature ventricular contraction occurs 
prior to an atrial contraction. Although the atrial sense 
amplifier is intended to respond only to atrial depolan- 
3S Ttions CP-waves) of the electrogram, in fact the B-waves 
fr0 m a ventricular depolarization may be sensed as a 
f-wave by the atrial sense amplifier. This starts the A-V 
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delay interval, following which the pacemaker delivers a 
ventricular electrical stimulation pulse. This pulse may 
"/ fall in time in the vulnerable period of the heart during 
repolarization from the premature venticular contraction. 
Delivery of a stimulation pulse during this vulnerable 
period is medically unsound, because it could be dangerous 
to the patient under some circumstances, as it might cause 
fibrilation of the heart. 

It has been recognized in the prior art that the 
above sequence of events beginning with a premature ven- 
tricular contraction and leading to delivery of a ventric- 
ular stimulation pulse during the vulnerable period is 
unacceptable, and various solutions have been proposed. 
Drug therapy has been used in conjunction with atrial- 
15 triggered synchronous ventricular pacemakers in an attempt 
to suppress premature ventricular contractions so that 
they would not be detected by the atrial sensing circuit . 
However, drug therapy has limitations and may be ineffect- 
ive or inappropriate in certain circumstances and for 
20 certain patients. Electronic filtering has also been used 
in conjunction with the atrial sensing amplifier in order 
to discriminate the P-wave from the R-wave so as to reject 
the latter. However, filtration by itself is not workable 
or reliable in discriminating atrial from ventricular 
25 events, because of the inherent variabilities of the shape 
and frequency composition of R-waves and P -waves in man. 
The R-wave in some individuals is more like the P-wave in 
other individuals, thus greatly complicating any attempt 
at discrimination by electronic filtering. 
30 The present invention overcomes the above noted 

problem by sensing both in the atrium and ventricle and by 
using timing considerations to discriminate between 
P-waves and R-waves so that a stimulating ventricular 
pulse is delivered only in response to an actual atrial 
35 contraction, and not in response to a premature ventricu- 
lar contraction, when operating in atrial synchronous 
mode. . 
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T he invention is useful in both unipolar and bi- 

nolar pacemakers, and is particularly useful in unipolar 
polar paucn more dx £_ 

^— - ^;r:.„ in «- =«. - 

f 4 cult to discriminate P-waves x ^ _ . „ 

uSolar packers. The preferred embodiment shown here- 
in is for a unipolar pacemaker- 

SugmarV, " f Invention 
According to the present invention there is 
^r- for selectively delivering stiraulat- 
provided a pacemaker ^ sel ^ synchronous mode of 

' P tlT itching terminals for connection both to the 

°*ZTZ' aT atTl of the patient's heart. Generating 
s are ^ovided for selectively delivering ventricular 
TcLcal slulation pulses through the ventricular 
, ! iTnat to Z ventricle of the heart. A ventricular 
5 terminal to , the ^ ven tricular terminal and 

^eTative 1o ^Tensing ventricular heats of the heart. 
1S operative ro amolifier has an insensitive or 

refractory perro o£ , ^.matron pulse. An 

net™ PWes indict.. Of ,tti.l onpolnrrs.tronn. 
lor sensing P ».v. ' ? connected te the striel sens. 

amplifier opeu. predetermined 
, t , aT . e i ec trical stimulating pulse after p 

!™i following a sensed atrial depolarization . 
time interval asS ociated with the atrial 

Control means are operative y ^ during the 

„mniifier to render it inoperative um* a 
sensing amplifier ventricular sense amplifier, so 

refractory period of the or other ventxic «- 

30 that premature ventricular contract _ 

lar events will, not be erroneously detected by 

sense amplifier. - SDec t of the present in- 

According to another -spect 

Jv • a ^iai sensing amplifier is retained in its 
vention, the atrial ^ sensing P ^ of ^ 

35 inoperative condition d«r«g _ predetermined 

I"^"^^ " - avoid detection of 

r^rtents delayed by the propagation time thereof 
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from' a low point in the ventricle to the atrial lead in 
the heart. 

Brief Description of the Drawing 
In the drawing. Figure 1 is a block diagram of a 
5 heart pacemaker according to the present invention; 

Figure 2 is a graph of pertinent waveforms show- 
ing the operation of the pacemaker of Figure 1; and 

Figure 3 is a block diagram, similar to Figure 
1, of an alternate embodiment of .a pacemaker according to 
10 the present invention. 

Detailed Description of the Preferred Embodiment 

In Figure 1, the major functional elements of a 
pacemaker incorporating the present invention are shown in 
block diagram form. The pacemaker could either be ex- 
15 ternal or implantable, but in either case it is connected 
through leads to the patient's -heart. Reference number 10 
indicates a diagrammatic representation of the patient 1 s 
heart. A lead 11 extends to the atrium or upper chamber 
of the heart, and lead 11 has an electrode 12 which con- 
20 tacts the heart at the atrium, similarly, lead 13 extends 
to the ventricle or lower chamber of the heart, and it has 
an electrode 14 at its end which attaches to the heart at 
the ventricle. Although two separate leads 11 and 13 are 
shown, a single multiple conductor lead having separate 
25 electrodes at its tip and at a point along its side may be 
used for contact with the ventricle and atrium, as is 
generally known in the art. Leads 11 and 13 connect re- 
spectively to terminals 15 and 16 provided on the housing 
of the pacemaker, for connection to the various electrical 
30 components and circuits within the pacemaker. 

Within the pacemaker, a pulse generating circuit 
20 is provided. Generator 20 functions to selectively 
produce electrical heart stimulation pulses at its output 
21, which connects through conductor 22 to terminal 16 so 
35 that the generated output pulses will be conducted to the 
ventricle of the heart- When operating in atrial syn- 
chronous mode, pulse generator 20 develops an output pulse 
in response to an input signal at its trigger input 23. 



SJMDE 0035205 



10 



0039269 

-6- 

Pulse generator 20 preferably also has a backup mode to 
lace the heart at a minima rate In the event that: no 

, below the minimum rate. In any 

nn nulses occur at ceiuw , - LiS - 

Tent the pulse generator 20 will be inhibited fro* 
I" ring an output pulse when a reset pulse is applied 
l^ts reset input 24. Specific circuits suitable for the 
Lotions of pulse generator 20 described above are gener- 
ally known in the art and are not set fort* xn detaxl 
Als0 aS generally known in the art. the minimum rate at 
thich switching to the backup mode occurs .nay be ad 3 usted 
by a program input 25 fro, an r.f. program device as xs 
to own in tbe^ ^ c ^ ctor ^ connects ^ input 31 of 

0. the ventricular sensing circuit 30 Sensing , circuit 30 
contains amplifying and filtering cxrcuxts, 
reference number 32, as are generally known in the art for . 
detecting the ventricular depolarization (Q RS complex) of 
threlectrogran, fro. the patient's heart indicatxve of a 
20 ventricular contraction. When a ventricular contract * 
is detected, a signal indicative thereof xs 
output 33 of ventricular sensing circuit 30. Sense ampli- 
fiers used in pacemakers generally experxence a period of 
Sensitivity for a certain time interval following , exther 
25 the detection of the heart contraction, or 

o£ the generated stimulating pulse. Durxng thxs xnsensx^ 
tlve period, referred to as the refractory period. the 
amplifier is temporarily "off or otherwxse 
Tatever signals may be applied to its input. The refrac 
lorxness is^seful in that it renders the sense amplxfxer 
^nsltive to "ringing* or rapid pulse triggering, which 

="= 

extremely low current biasing conditions, so that an xnput 
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signal momentarily disrupts the quiescent point rendering 
the circuit insensitive for a given recovery time. Alter- 
'! natively, a specific timing or blanking circuit can be 
provided in conjunction with the sense amplifier or fil- 
5 ters to render the sensing circuit refractory for a 
specifically selected time interval following detection of 
a ventricular event. In Figure 1, Reference number 34 
refers to the refractory period timing, but it will be 
understood that this may either be a separate timing cir- 
10 cuit, as suggested in the drawing, or it may well be 
simply an insensitive period inherent in the design of the 
sensing amplifier and filtering circuits. The manner of 
characterizing the refractory period timing by a separate 
block in Figure 1 should not be construed to be limited 
15 only to separate timing means for the refractory period. 

An atrial sensing circuit 40 is provided, having 
an input. 41 which connects via conductor 17 to atrial ter- 
minal 15. Atrial sense circuit 40 includes amplifying and 
filtering circuits indicated by reference number 42 which 
20 operate to provide an output at terminal 43 in response to 
the detection o£ the P-wave portion of the electrocardio- 
gram of the heart indicating an atrial contraction. As 
previously mentioned, although filtering circuits may be 
provided in an attempt to distinguish the P-wave from the 
25 R-wave, such filtering is not always reliable due to 
variations in the nature of the P and R-waves from patient 
to patient. 

The amplifier and filtering circuits 42 of the 
atrial sense amplifier may be of conventional design as 
30 generally known in the art, except that according to the 
present invention a particular refractory or insensitive 
period for the atrial sensing circuit is provided. Al- 
though the atrial refractory period can be controlled by 
selection of the components and operating points for the 
35 electronic components of the sense amplifier, in the pre- 
ferred embodiment a separate refractory period timing 
control 44 is provided. This may take the form of a 
digital timer, or an analog timing circuit such as a one 
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shof multivibrator or equivalent. Upon detection of a 
signal by the sense amplifier and filtering circuits 42, 
an output signal indicative thereof is provided at output 
43 At the same time a signal is provided through con- 
5 ductor 45 and OR gate 46 to input 47 of refractory period 
timer 44. Timer 44 then controls amplifier and filtering 
circuits 42 via control line 48 to render them insensitive 
to input signals for the duration of the refractory period 
while timer 44 is timing out. This may be accomplished 
10 through a suitable gate, switching or clamping circuit 
within or attached to the sensing amplifier or input 
circuits . 

Another input is provided to OR gate 46 for 
rendering the atrial sensing circuit 40 refractory, and 
15 that input is provided by a branch of conductor 35 which 
connects from the output 33 of the ventricular sensing 
circuit 30. The function of this connection is to ensure 
that the atrial sensing circuits are off or refractory at 
the same" time as the ventricular sensing circuits, to en- 
20 able discrimination between atrial, and ventricular events 
as explained in greater detail below. 

Output 43 of atrial sense circuit 40 connects 
via conductor 48 to input 51 of the A-V delay timer 50. 
Timer 50 may be a digital or analog timing circuit, and it 
25 functions to provide an output signal at its output S2 at 
a predetermined time interval following receipt of an 
input signal at its input 51. The output signal is con- 
veyed over conductor 53 to the trigger input 23 of pulse 
generator 20. A-V delay timer 50 provides a time delay 
30 interval between- atrial and ventricular contractions so 
that the ventricles can be filled before they are con- 
tracted. A typical A-V delay interval is approximately 
120 milliseconds, and provisions may be provided as is 
generally known in the prior art for programming the timer 
35 at input 54 to select the delay interval. Timer 50 also 
has a reset input which connects to a branch of lead 35 so 
that a signal from ventricular sensing circuit 30 func- 
tions to reset or cancel an interval being timed out by 
timer 50, 
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In operation of the pacemaker of Figure 1 in the 
atrial synchronous mode, the naturally occurring atrial 
! contraction generates a depolarization (P-wave) which is 
picked up by electrode 12 and conveyed through lead 11, 
5 terminal 15 and conductor 17 to input 41 of the atrial 
sensing circuit 40. The P-wave is detected and amplified 
and causes an output at 43 which is conveyed to input 51 
of the A-V delay timer 50. This starts the timing of an 
atrial- ventricular (A-V) delay interval- At the end of 
10 the A-V delay interval, an output signal at output 52 is 
conveyed to the trigger input 23 of pulse generator 20, 
causing it to deliver a ventricular output stimulating 
pulse to the heart via conductor 22, terminal 16, lead 13 
and electrode 14. In the event of a naturally occurring 
15 ventricular contraction following the atrial contraction 
and occurring prior to the timing out of the A-v delay 
timer 50. such ventricular contraction will be detected by 
its depolarization (ft-wave) conducted through lead 13, 
terminal 16 .to input 31 of the ventricular Sensing circuit 
20 30. There the R-wave is detected and amplified and causes 
an output at 33 which is conveyed over conductor 35 to 
reset A-V delay timer 50 and pulse generator 20 so that no 
output pulse will be generated for that heartbeat cycle, 
since none is needed. 
25 It is common to provide a backup mode for an 

atrial synchronous pacemaker. If the heartbeat rate drops 
below a preselected or programmed minimum rate, pulse 
generator 20 reverts to a mode in which it delivers ven- 
tricular stimulating pulses at a minimum heartbeat rate, 
30 subject to reset and inhibition in the event of detection 
of a naturally occurring ventricular contraction by ven- 
tricular sensing circuit 30. 

An important feature of the present invention 
lies in the control of the refractory or insensitive 
35 periods of the atrial and ventricular sensing circuits. 
As previously mentioned, a ventricular event, either an 
R-wave or a stimulating pulse, causes the ventricular 
sensing circuit to go off or refractory for a certain 
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period of time, similarly, the detection of an event by 
tne atrial sensing circuit 40 cau.es it to go off or 
refractory for a period of time. In the preferred em- 
hodiment. timer 44 controls the refractory perxod of the 
atrial sensing circuit, and the detection of an event by 
the atrial sense amplifier causes a control signal ^ vxa 
!ead 45 and OB gate 46 to start timer 44 and xnxtxate the 
refractory period. Additionally, an output from ventrxcu- 
lar sensing circuit 30 is coupled to the refractory perxod 
tiB er 44 for the atrial sensing circuit via conductor 35 
wh ich connects to an input of OK gate 46. Timer 44 x« of 
the retriggerahle type, so that an xnput sxgnal at xnput 
47 starts the time period, and if an additional xnput xs 
received during the time period, timer 44 is reset to 
15 start its time-out over again. The connectxon of the 
vehicular sensing circuit to the . at rial ~fr actory 
period timer is for the purpose of ensurxng that a ven- 
tricular event turns off the atrial sensing circuxt. Ihxs 
is important in discriminating between P-waves. and R-waves 
20 picXed up by the atrial lead and appearing at the xnput of 
the atrial sense amplifier. 

Because of tiie relatively <jreat strength of 
electrical signals associated with ventricular -ent^xt 
is likely that they would be detectable both on the atrxal 
25 Ld ventricular leads. However, because, the electrical 
P -vave signals associated with atrial contractxons are 
relatively weak and localised, it is likely they would be 
dieted only on the atrial lead. It might therefore he 
assumed that if a signal occurs both on the atrxal and 
30 ventricular leads, it is of ventricular orxgxn whxle xf 
it occurs only on the atrial lead, it is of atrxal orxgxn. 
However, that presumption assumes that both sense amplx- 
fiir operate continuously. Premature ventricu 1« - 
tractions might be detected only.by the atrxal amplxfxer 
35 STey occJ durin g the refractory period of the ventrxc- 
3 iriplifier. thus leading to the problem existxng in 
the prior art discussed above. 
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The present invention solves this problem by 
maintaining certain operating conditions regarding the on 
or off condition of the sensing amplifiers. A first 
condition is that a ventricular event, either a natural 
5 ventricular contraction or a ventricular stimulation 
pulse, will cause both the atrial and ventricular sensing 
amplifiers to go to their off or refractory condition. A 
second condition is that the atrial sensing amplifier will 
be allowed to turn on only when the ventricular amplifier 
10 is known to be operating. Therefore, a premature ventri- 
cular contraction occurring during the refractory period 
of the ventricular sensing amplifier will not be errone- 
ously detected by the atrial sensing amplifier as an 
atrial event, and consequently the danger of delivering a 
15 stimulating pulse during the vulnerable period of the 
heart as outlined above is avoided. 

in the preferred -embodiment, an output from the 
ventricular sensing amplifier is used to turn off the 
atrial sensing circuit by starting or resetting its re- 
20 fractory period timer 44. The time period for timer 44 is 
selected, in conjunction with the inherent refractory 
period of ventricular sensing circuit 30. or in conjunc- 
tion with its specific refractory period timing circuit, 
if any, so that the. atrial sensing amplifier is not re- 
25 turned 'to its on condition until the ventricular sensing 
amplifier is also returned to its on condition. 

The timing relationships of the various signals 
and sensing periods are illustrated in the timing chart. 
Figure 2A. which shows the signals appearing at the atrxal 
30 and ventricular leads, and the conditions of the atrial 
and ventricular sense amplifiers and the A-V delay circuit 
of the pacemaker of Figure 1, for a period of time through 
approximately two heartbeats. The horizontal axis repre- 
sents time, starting at zero and running through approxx- 
35 mately 1,200 milliseconds. For illustrative purposes, 
Figure 2A shows two heartbeat cycles, both xn atrial 
synchronous operation, but with the first resulting in the 
delivery of a stimulating pulse, and the second cycle 
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sh owlng the occurrence of a spontaneous ventricular con- 
traction in the proper time interval following the atrxal 
contraction. ^ ^ ^ ^ ^ ^ ^ ^ 

le ad This has two effects: It starts the A-v time delay 
eS; d and it renders the atrial sensing amplifier xn xts 
'off or refractory condition. In the preferred embodx»ent 
the A-V delay is .120 billiseconds. At 

R .vave indicating a ventricular contractxon has been 
received, the pulse generator delivers a stimulating pulse 
Z L heart. As this occurs, it induces a -respondxag 
signal in the atrial lead, but since the atrxal sensxng 
a^ifier is off, the signal is not detected. In Fxgnre 
2A the effect of the ventricular stimulating pulse at the 
15 atrxS lead is shown as a dotted line spifce. At the ^ 
time that the ventricular pulse is delxvered • *J*<>* 
course sensed at the ventricular amplxfxer and the ventrx 
cular amplifier then goes into its refractory perxod. The 
ventricular sense amplifier also resets the refractory 
20 period timer 44 for the atrial sensing amplxfxers as 
indicated at reference number 56, restarting the atrxal 
refractory^. ^ ^ _ _ 

ra ain off following the ventricular stimulation pulse. At 
the end of approximately 140 ms. the vent, :xcul~ sensing 
amplifier returns to its on . condition, but the atrxal 
Tnsxng amplifier remains off for an additional 30 ms or 
170 ms from the time it was reset at the -ntrxcular 
Pulse Thus, the atrial sensing amplifier xs kept off xn 
^ preferred embodiment not only during the dura^on o 
the ventricular sense amplifier refractory 
also for an additional 30 ms overlap for reasons explained 
further below with respect to Figure 2B. 

in' Figure 2A. after both the ventrxcular and 
atrial sense amplifiers return to their on condition the 
feeler waits'for the occurrence of tbe next signal from 
the heart. Assuming that the natural atrxal 
heart is operating normally, a F-wave xs next detected at 
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the atrial sensing amplifier, at approximately 800 ms in 
Figure 2A. This again starts the A-V delay timer and 
turns off the atrial sensing amplifier. In this example, 
it is assumed that the normal conduction in the heart is 
working and a ventricular contraction takes place prior to 
the end of the A-V time delay period. The R-wave is shown 
on the ventricular lead line in Figure 2A at about 900 ms, 
and it causes a resetting or termination of the A-V delay, 
an initiation of the ventricular sense amplifier refrac- 
tory period, and a resetting of the atrial sense amplifier 
refractory period. After a further 140 ms, the ventricu- 
lar sense amplifier returns to its on condition, and an 
additional 30 ms later the atrial sense amplifier returns 
to its on condition. 

It will be apparent from a study of the circuit 
of Figure 1 and the operating timing chart of Figure 2A 
that the possibility of erroneously detecting a premature 
ventricular contraction (PVC) as an atrial contraction has 
been precluded: If it occurs during the off time of the 
sense amplifiers, it is simply ignored by the pacemaker, 
but if it occurs '.during the on time of the atrial sensing 
amplifier, it will according to the present invention also 
of necessity occur during the on time of the ventricular 
sensing amplifier. If a PVC does occur while the ventric- 
ular amplifier is on, regardless of whether the atrial 
amplifier is on, the A-V delay timer will be reset or 
cancelled, so that the stimulating pulse will not be 
delivered one A-V delay interval following the PVC. 

For the reasons pointed out above it is seen to 
be important that the atrial sense amplifier not be re- 
turned to on condition until the ventricular sense am- 
plifier is also turned on. Further, it is preferable that 
the turn-on of the atrial sense amplifier should be 
delayed for a short interval after the turn-on of the 
ventricular sensing amplifier. This is seen further with 
the aid of Figure 2B. In Figure 2B f the atrial and ven- 
" tricular lead signals and the on or off status of the 
atrial and ventricular sensing amplifiers are shown as in 
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Fiq ure ». However, in Figure 2B an expanded normal 
scale 1S used S o tbat^ sensing lifter and 

tween the ^^[^^ -plifier is more clear- 
the turn-on of the atrial s J ^ 

beat cycie, _ p. wave For convem- 

.s range following the sensing f • « 

fnllr STiec ific times have been labeled r w w z 
ence four specific of the over- 

for -T^.fJHTirti- ventricular refractory 
XO lap. Ti»e t x xs^e end ^ ^ _ ^ 

period, which m the termination of 

lowing a ventricular event. Time t z is 

^lifier refractory period, in tbe 
the atrial sense r reset ting of the 

nr6ferr ed embodiment 170 ms irom 

preferrea ventricular event- 

atrial refractory period timer Dy 

a "PVC occurs at time r. . j^*- 
Assume now that a rvi- « w 

, _ ventricular sense amplifier. 
prior to the turn-on of - ven ^ ^ ^ 

Of co.urse..lf the PVC oc generator and 

the ventricular sensing no ted, above, removing 
A .V delay timer would be re ^ ^ ^ 

any possibility of an , PP just prior to the 

m aKer. However, with the W ^ ^ ^ 

ventricular sensing amplifier rn 

_ . —setting action as noted above, 

result in a wftre to be turned on simul- 

b ein 9 detected by £ atri.1 p & ^ ^ ^ 

,0 cular amplifier. _ For e P but significa nt time 

low ventricle there may ^ by the PVC to 

delay for the would be picke d up by the 

propagate to. the .«« amplifier, 

atrial lead and sijnul taneously , a PVC 

35 l£ both amplifiers were turned detfected by the 

occurring ^^ZZTLT^ - U- 
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timet and the pulse generator one A-v time delay interval 
later. Of course, such a situation might produce a stimu- 
lating pulse during the vulnerable period of the heart 
following the originating PVC. 

To avoid this possibility, in the preferred em- 
bodiment the atrial sensing circuit is maintained in its 
off condition for a particular time period, referred to as 
the overlap, beyond the refractory period of the ventricu- 
lar sensing circuit. In the preferred embodiment this 
overlap is 30 ms, so that the atrial sensing circuit does 
not turn on until time t z in Figure 2B. Thus, the propa- 
gation-delayed PVC occurring at the atrial lead at time t y 
still falls in the refractory or off time period of the 
atrial sensing amplifier and is thus ignored. The 30 ms 
time interval is chosen to provide adequate safety margin 
to protect against the above noted occurrence vhile still 
being short enough not to interfere with maximum pacing 
rate considerations for the pacemaker. 

Referring to Figure 3, an alternate, embodiment 
, of a heart pacemaker according to the present invention is 
shown. The embodiment of Figure 3 is similar in many re- 
spects to the embodiment of Figure 1. and like reference 
numbers are used for the corresponding elements in Figures 
1 and 3. The main difference .of Figure 3 compared with 
5 Figure 1 is the use of refractory period flip-flop 50 and 
atrial overlap timer 61. instead of the refractory period 

timer 44 of Figure 1. 

Specifically, OR gate 46. whose inputs are 
connected as in Figure 1, has its output connected to one 
input of refractory period flip-flop 60. This input is 
labelled "start- in Figure 3. The other input t» flip- 
flop 60. labelled "stop", in Figure 3. connects from the 
output of atrial overlap timer 61. Conductor 48 connects 
from flip-flop 60 to control the blanking or refractory 
35 period of the atrial sensing amplifier 42. 

The input to atrial overlap timer 61 is provided 
over lead 62 from refractory period timer 34A. In the em- 
bodiment of Figure 3, refractory period timer 34A xs a 
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specific timing circuit that controls the refractory 
period of ventricular sense amplifier 32. When amplifier 
32 detects a ventricular event, it starts timer 34A which 
blanks amplifier 32 for the duration of its chosen refrac- 
tory period. At the end of the time-out period for timer 
34A the blanking signal is removed from amplifier 32. re- 
turning it to its ready condition. At the same time, the 
removal of the blanking signal triggers atrial overlap 
timer 61 to begin its time period. The input out of timer 
61 is designed to trigger on the trailing edge of the 
blanking signal from timer 34A. so that timer 61 begins 
its time period when timer 34A ends its time period. 

The operation of the embodiment of Figure 3 is 
similar to the operation of Figure 1. Atrial sense ampli- 
fier 42 will enter its refractory period in response to 
either the sensing of an atrial event, or the sensing of a 
ventricular event. An atrial event sensed at lead 45 
couples through gate 46 to svitch flip-flop 60 to cause 
its output on conductor 48 to blank amplifier 42. Alter- 
, natively, a ventricular event causes a signal on conductor 
35 that also couples through gate 46 to cause flip-flop 60 
to blank amplifier 42. In either case, amplifier 42 
remains refractory until the predetermined overlap time 
following the end of the refractory period of the ven- 
5 tricular sense amplifier. As amplifier 32 returns to its 
on condition following the time-out of timer 34A. atrial 
overlap timer 61 is triggered to provide the overlap time 
delay. This time delay may be approximately 30 ms. as was 
discussed above with reference to Figure 2. At the end of 
30 the overlap period timer 61 sends a signal to flip-flop 
60. switching it to remove the blanking signal from con- 
ductor 48 and return atrial sensing amplifier 42 to its on 
condition. The operation discussed above with respect to 
Figures 2A and 2B also applies to the operation of the 

35 embodiment of Figure 3. 

It will be seen from the foregoing that the 
present invention prevents delivery of an inappropriate or 
Possibly dangerous stimulating pulse due to the occurrence 
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of a* FVC, by turning off the atrial sensing circuit upon 
occurrence of a ventricular event, and maintaining it off 
preferably until after, but in any event not prior to, the 
returning of the ventricular sensing amplifier to its on 
condition. 
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sm vrjtS CLAIMED : 

1# A pacemaker for selectively delivering 

Stimulating pulses to the heart in an atrial synchronous 

node of operation, comprising : 

ventricular terminal means (14) for 
connection to a patient's heart for 
delivering ventricular stimulation pulses 
thereto; 

generating means (20) for selectively 
delivering ventricular electrical 

stimulation pulses to saia ventricular ■ 

terminal means; 

ventricular sense amplifier means (30) 
connected to said ventricular terminal 
means (14) for sensing ventricular heats 
of the heart, said ventricular sense 
amplifier means having a ref rattory 
period following the sensing of a 
ventricular heartbeat or stimulation 

pulse; 

atrial terminal means (12) for connection 
to a patient's heart for sensing atrial 
beats; 

atrial sense amplifier means (42) 
connected to said atrial terminal means 

(12) for sensing atrial contractions of 

the heart; 
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delay means (50) operatively connected to 
said atrial sense amplifier means (42) and 
said generating means (20) for causing 
generation of a ventricular electrical 
stimulating pulse after a predetermined 
time interval following a sensed atrial 
contraction, characterized in that there 

is included : 

control means (44,46, 60,61) operatively 
connected to render said atrial sense 
amplifier means (42) inoperative during 
the refractory period of said ventricular 
sensing amplifier (30) . 
2. A pacemaker according to claim 1, 
characterized in that said control means (44,46,60,61) 
is operative to maintain said atrial sensing amplifier 
(4 2) inoperative during the refractory period of said 
ventricular sense amplifier (30) and for a predetermined 
time interval thereafter. 

3 . A pacemaker according, to claim 1 , 
characterized in that said control means includes a 
blanking timer (44) having a time-out interval not less 
than the length of the refractory period of said 
ventricular sense amplifier means (30) , said blanking 
timer (44) ^connected for rendering said atrial sense 
amplifier means (42) inoperative during its time-out 
interval, and connected for starting its time-out 
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=»«-rial or ventricular event, 
interval on a sensed atrial or 

4. A pacemaker according to claim 3, 

- , •„ 4-h»<- the time-out interval of said 
characterized in that tne tin.* 

i S areater than the length of the 
blanking timer (44) is greater 

• a „f the ventricular sense amplifier 
refractory period of the ven« 

-j „„ „„ P rlao for the refractory 
means (30) , to provide an overlap r 

period of the atrial sense amplifier means. 

5. A pacemaker according to claim 1, 
characterized in that said control means includes 
bistable switching means (60) operatively connected 
Eo r selectively rendering said atrial sense amplifier 
ro eans inoperative upon occurrence of a sensed atrial 
or ventricular event, and including an atrial overlap 
timer (61) operatively connected to provide *n overlap 
time delay at the end of the refractory period of the 
ventricular sense amplifier means (30), and operatively 
" connected to said bistable switching means (60) to 
return said atrial sense amplifier means (42) to its 
on condition at the end of said overlap time delay. 

6 . A pacemaker for selectively delivering 
stimulating pulses to the heart in an atrial 
synchronous mode of operation, comprising : 

ventricular terminal means (14) for 
connection to a patient's heart for delivering 
ventricular stimulation pulses thereto ; 
generating means (20) for selectively 
delivering ventricular electrical stimulation 
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pulses to said ventricular terminal 
means ; 

ventricular sense amplifier means <30) 
connected to said ventricular terminal 
means for sensing ventricular beats of 
the heart; 

atrial terminal means (12) for connection 
to a patient's heart for sensing atrial 
beats ; 

atrial sense amplifier means (42) con- 
nected to said atrial terminal means for 
sensing atrial contractions of the heart; 
delay means (50) operatively connected to 
said atrial sense amplifier means (42) and 
said generating means (20) for causing 
generation of a ventricular electrical 
stimulating pulse after a predetermined 
time interval following a sensed atrial 
contraction; 

ventricular refractory period timer 
means (34) operatively connected for 
rendering said ventricular sense amplifier 
means inoperative for a predetermined 
ventricular refractory period following 
a sensed ventricular event, characterized 
in that there is included, 
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atrial refractory period control means 
(46,44; 60,61) operatively connected t 
render said atrial sense amplifier 
means (42) inoperative for an atrial 
refractory period beginning with a 
sensed atrial or ventricular event anc 
continuing until after termination of 
said ventricular refractory period. 
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FIG, 2A 
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